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Introduction
The worldwide spread of mobile phones has been an unprecedented technological success story.
So far, the literature has identified efficiency gains via mobile phone-based information exchange, for example information about market prices (JENSEN, 2007; TADESSE & BAHIIGWA, 2014) .
Meanwhile, the second generation of mobile devices, particularly smartphones, enables mobile access to the information universe and the use of software applications ('apps') with the help of a high-resolution touch-screen. 1 The independence of landline data networks and electricity grids qualifies them especially for Internet access in remote rural areas of developing countries. Internetbased information about products, prices and economic policy is relevant for business and private use, information about the weather is essential for agriculture, and information about vacant jobs helps job seekers. Compared to regular mobile phones, smartphones extend the possibilities of carrying out financial transactions and offering or purchasing goods or services.
Whether these advantages of smartphones contribute to rural techno-economic development has so far been an open question. The following paper provides a first answer to this question by studying the impact of smartphone ownership on rural households' annual income.
Treating smartphone ownership as endogenous, the paper also studies its determinants. It draws upon novel data from rural Southeast Asian 2 households.
In a narrower sense, the paper contributes to the literature on the determinants and effects of mobile phone use in developing countries, which has so far focused on Africa (BUYS ET AL., 2009; MUTO & YAMANO, 2009; TADESSE & BAHIIGWA, 2014) . In a broader sense, the paper contributes to the literature on ICT (information and communication technologies), digital divide, technology diffusion and economic development (HOWARD ET AL., 2009; HEEKS, 2010) . To our knowledge, the focus on smartphones is new in this literature. 
Model
The ultimate goal of our econometric endeavor is to show whether households' smartphone ownership generates an income gain. Smartphone ownership is treated as endogenous, because it likely depends on households' income and other determinants. Therefore, we proceed in two steps.
In the first step, we explain smartphone ownership based upon the following cross-sectional probit (treatment or selection) model:
(1) To complete the first-step equation, we define α0 as the overall constant, α1 as the coefficient of income, and α2 as a row-vector that contains the coefficients for each control variable. All α-parameters are to be estimated. ε1h is the error term of the first step.
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In the second step, we explain the impact of smartphone ownership on households' income based upon the following linear, cross-sectional (outcome) model: 
Data
We use novel data which were collected in household surveys in the rural Southeast Asian Mekong region at the beginning of the year 2013. Besides data from Thailand and Vietnam (HARDEWEG ET AL., 2012), our data include Laos and Cambodia as novel research areas.
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We include all four countries in our regressions and leave out one country at a time in a robustness check (Supplement E). The data cover over 5000 households living in about 500 villages which were selected via three- 
Estimation
When implementing Equations (1) and (2), we check that the correlations between regressors are sufficiently low (Supplement B). We find that the criteria for applying treatment effects estimators based on propensity scores are not unambiguously fulfilled. (For details and a robustness check on the choice of the estimator see Supplement D). Hence, we estimate Equations (1) and (2) simultaneously as a linear endogenous treatment regression (ETR) by means of the maximum likelihood (ML) criterion. A Wald-test clearly rejects the null-hypothesis that all estimated parameter values (except the constant) are equal to zero. We obtain the average treatment effect (ATE) of smartphone ownership with respect to households' annual income (given by the 6 coefficient of the smartphone variable) in step two as well as factors that affect the probability of smartphone ownership in step one. We start by estimating the two equations separately via Ordinary Least Squares (OLS) and ML. We then proceed with ETRs. Table 1 reports the estimated parameter values with heteroscedasticity-robust p-values in parentheses and the corresponding significance levels indicated by stars. In columns (1) and (2) we apply the standard definition of smartphones, in column (4) the lower and in column (5) the higher price definition. In column (3) we model mobile phone instead of smartphone ownership as an endogenous variable for comparison. The income effect of smartphone ownership is positive in all columns and statistically and economically highly significant. Whereas the income effect of mobile phone ownership is much lower than that of smartphone ownership as long as mobile phones are treated as an exogenous variable, it strongly increases when mobile phones are modeled endogenously in column (3).
Results
Meanwhile, the income effect of smartphones declines in column (3) but stays highly significant.
In both steps, the coefficients of the control variables have the expected signs and are in most cases statistically highly significant. Yet, according to the outcome regression results, access to the electricity grid is no significant determinant of households' income. Household size reduces smartphone ownership, which points to increasing dependency and poverty in larger households.
According to the treatment regressions results, self-employment and off-farm employment increase the probability of smartphone ownership. This indicates that the occupation matters for smartphone ownership. Notably, we find highly significant spatial correlation of smartphone ownership within districts.
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Our results are qualitatively robust with respect to several robustness checks using different definitions of smartphones, a double-robust treatment effects estimator, a reduced number of countries, and introducing threshold income dummies (Table 1 and Supplements C, D, E and F).
Conclusion
Drawing upon survey data from rural Southeast Asian households, we find a significant and 
Supplement B: Correlations between variables
The following matrix depicts the correlations between the variables in the form, in which they enter the regressions. 
independent and identically distributed individuals (stable unit treatment value). Since a Wald-test, performed after a maximum likelihood estimation of the linear endogenous treatment regression (ETR) in most cases rejects the null hypothesis of independent first-and second-step unobservables, criterion (1) is violated. Regarding criterion (2), we can achieve a sufficient overlap between the treatment and control group (see below). Nonetheless, the treatment group is very small compared with the control group. The validity of criterion (3) is questionable, too, because we deal with rural technology diffusion. This implies that smartphone ownership of one individual is supposed to encourage smartphone ownership of other individuals and may affect their income (i.e., the outcome variable) via information exchange.
As a consequence, we prefer estimating Equations (1) and (2) as an ETR model, also known as endogenous binary-variable model, based on Heckman (1976 Heckman ( , 1978 . The maximum likelihood estimator version that we utilize has been introduced by Maddala (1983) . This model type does not require the strict fulfillment of the criteria discussed above. We limit the number of explanatory variables that appear in both equations to mitigate collinearity between the equations (cf. PUHANI,
2000).
Notwithstanding, we estimate Equations (1) and (2) 12 Supplement E: Three-and one-country robustness check
In this robustness check, we estimate Equations (1) and (2) In order to better understand the role of specific countries in the sample, we include only one of the four countries at a time in each regression in another robustness check. It turns out that despite the substantially reduced number of observations, smartphones (according to the standard definition) entail an economically and statistically highly significant positive effect on income for
Thailand, Vietnam and Cambodia, but not for Laos. The detailed results are available upon request.
Supplement F: Threshold income robustness check
In this robustness check, we estimate Equations (1) and (2) with the default definition of smartphones via ETR with the full sample of four countries. We check the following aspect:
Smartphone ownership may reflect affluence, and this affluence may not be sufficiently captured by the first-step regression based on Equation (1). To address a possible smartphone-affluence nexus explicitly, we introduce three different threshold income dummy variables in the secondstep Equation (2): First, the mean income of all households in the sample ('mean income' in the following table); second, the mean income plus one standard deviation ('mean + std dev income');
third, the mean income of all smartphone owners in the sample based on the standard definition of 13 smartphones ('mean sphone income'). We attributed the value 'one' to all households with incomes above the corresponding threshold and a 'zero' to the remaining households.
The following table shows the results. Accordingly, our previous results hold in general when controlling for threshold income levels. Yet, the magnitude of the income effect of smartphone ownership declines to a level below that in the OLS estimation reported by column (1) in Table 1 . This indicates that the results reported by Table 1 may encompass income-related as well as non-income-related aspects of smartphone (and mobile phone) ownership. Supplement F: Income effects (log annual per capita value) of smartphone ownership (binary) with mean income thresholds.°1
of 8 province dummies and 1 of 4 country dummies ommited due to collinearity.
Robust p -values in parentheses, significance levels: **** p < 0.005, *** p < 0.01, ** p < 0.05, * p < 0. 
